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Àííîòàöèÿ
Â ðàáîòå èçó÷åíî âëèÿíèå ñðåäû íà ÷àñòîòû ïîãëîùåíèÿ âàëåíòíûõ êîëåáàíèé ñâîáîä-
íûõ ìîëåêóë, êîìïëåêñîâ ñîñòàâà 1 : 1 è áîëåå ñëîæíûõ àññîöèàòîâ â ðàñòâîðå. Ïîêàçàíî,
÷òî âî âñåõ ñèñòåìàõ ðàñòâîðèòåëü ñóùåñòâåííî âëèÿåò íà ïîëîæåíèå ïîëîñ. Äëÿ àíà-
ëèçà ñîëüâàòàöèîííûõ ýåêòîâ èñïîëüçîâàíà ìîäåëü, îñíîâàííàÿ íà òåðìîõèìè÷åñêîì
ïàðàìåòðå ðàñòâîðèòåëÿ SV W . Ïîêàçàíî, ÷òî â ðàñòâîðèòåëÿõ, íå ñïîñîáíûõ ê ñèëüíûì
ñïåöèè÷åñêèì âçàèìîäåéñòâèÿì ñ ðàñòâîðÿåìûìè îáúåêòàìè, ýêñïåðèìåíòàëüíî èçìåðÿ-
åìàÿ ÷àñòîòà ïîãëîùåíèÿ ëèíåéíî çàâèñèò îò ïàðàìåòðà SV W . Ïðîâåäåíà îöåíêà ñîëüâà-
òàöèîííîãî ýåêòà íà ÷àñòîòû ïîãëîùåíèÿ. Îáíàðóæåíî, ÷òî ÷óâñòâèòåëüíîñòü ÷àñòîò
ïîãëîùåíèÿ âàëåíòíûõ êîëåáàíèé ê ñîëüâàòàöèîííîìó ýåêòó ïàäàåò ïðè ïåðåõîäå îò
ÎÍ- ê C=Î-ãðóïïàì. Ïðè ñðàâíåíèè ÈÊ-ñïåêòðîâ ñâîáîäíûõ ìîëåêóë è èõ êîìïëåêñîâ
îáíàðóæåíî, ÷òî âëèÿíèå ñðåäû íà ÷àñòîòû ñâÿçàííûõ ãðóïï áîëåå ñóùåñòâåííî.
Êëþ÷åâûå ñëîâà: ýåêò ñðåäû, âàí-äåð-âààëüñîâû âçàèìîäåéñòâèÿ, êîîïåðàòèâ-
íîñòü, âîäîðîäíàÿ ñâÿçü, Ôóðüå ÈÊ-ñïåêòðîñêîïèÿ, òåðìîõèìè÷åñêèé ïàðàìåòð SV W .
Ââåäåíèå
Âîïðîñ èçó÷åíèÿ âëèÿíèÿ ñðåäû íà õàðàêòåðèñòèêè ïîëîñ ïîãëîùåíèÿ â ÈÊ-
ñïåêòðàõ íà ïðîòÿæåíèè çíà÷èòåëüíîãî ïåðèîäà âðåìåíè îñòàåòñÿ öåíòðàëüíîé
òåìîé îáñóæäåíèÿ øèðîêîãî êðóãà èññëåäîâàòåëüñêèõ ðàáîò. Ïðè ýòîì îñíîâíîé
öåëüþ ïîäîáíûõ èññëåäîâàíèé ÿâëÿåòñÿ ðàñêðûòèå è îïèñàíèå ìåõàíèçìîâ ïðî-
ÿâëåíèÿ ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé (ÌÌÂ), ïðèâîäÿùèõ ê êàðäèíàëüíûì
èçìåíåíèÿì ñâîéñòâ èçó÷àåìûõ ìîëåêóë ïî ñðàâíåíèþ ñ ãàçîâîé àçîé. Íà ñå-
ãîäíÿøíèé äåíü ïðèíÿòî ðàçäåëÿòü âñå ÌÌÂ íà äâà òèïà: íåñïåöèè÷åñêèå è
ñïåöèè÷åñêèå. Ê ïåðâûì îòíîñÿòñÿ âàí-äåð-âààëüñîâû (ÂÂ) âçàèìîäåéñòâèÿ, ïîä
êîòîðûìè ïîäðàçóìåâàþòñÿ äèñïåðñèîííûå, îðèåíòàöèîííûå, èíäóêöèîííûå âçà-
èìîäåéñòâèÿ. Êî âòîðûì  âñå âèäû íàïðàâëåííûõ äîíîðíî-àêöåïòîðíûõ âçàèìî-
äåéñòâèé è, êàê ÷àñòíûé ñëó÷àé, îáðàçîâàíèå âîäîðîäíîé ñâÿçè. Ïðèíöèïèàëüíûì
îòëè÷èåì íåñïåöèè÷åñêèõ âçàèìîäåéñòâèé, îáóñëîâëèâàþùèì ñëîæíîñòü èõ èçó-
÷åíèÿ è âûäåëåíèÿ, ÿâëÿåòñÿ íåíàïðàâëåííûé õàðàêòåð ïðîÿâëåíèÿ òàêèõ âçàè-
ìîäåéñòâèé, íåâîçìîæíîñòü âûäåëåíèÿ âêëàäîâ îòäåëüíûõ èõ òèïîâ äàæå â îòíî-
ñèòåëüíî ïðîñòûõ ñèñòåìàõ. Ôèçè÷åñêîé ïðè÷èíîé ÂÂ-âçàèìîäåéñòâèé ÿâëÿþòñÿ
ýëåêòðîñòàòè÷åñêèå âçàèìîäåéñòâèÿ, íàïðèìåð, çàðÿäû, âîçíèêàþùèå êàê èíäóöè-
ðîâàííîå íà êîðîòêèå îòðåçêè âðåìåíè ïåðåðàñïðåäåëåíèå ýëåêòðîííîé ïëîòíîñòè
àòîìîâ è ìîëåêóë ïîä âëèÿíèåì äðóã äðóãà, à òàêæå âçàèìíàÿ ïåðåîðèåíòàöèÿ
äðóã îòíîñèòåëüíî äðóãà äèïîëüíûõ èëè êâàäðóïîëüíûõ ìîìåíòîâ ìîëåêóë, íà-
õîäÿùèõñÿ â îïðåäåëåííûå ïðîìåæóòêè âðåìåíè íà ðàññòîÿíèè, äîñòàòî÷íîì äëÿ
âçàèìîäåéñòâèÿ çàðÿäîâ.
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Â ïðîöåññå ðàçâèòèÿ ïîäõîäîâ ê èçó÷åíèþ ñîëüâàòàöèîííûõ ýåêòîâ áûë
ïðåäëîæåí ðÿä ýìïèðè÷åñêèõ ìîäåëåé ïî îöåíêå âëèÿíèÿ ñðåäû çà ñ÷åò ìíîãî-
÷àñòè÷íûõ ÂÂ-âçàèìîäåéñòâèé íà õàðàêòåðèñòèêè ÈÊ-ñïåêòðîâ [1℄. Ñ èñïîëüçîâà-
íèåì äàííûõ ïîäõîäîâ áûëî äîâîëüíî óñïåøíî îïèñàíî íåñïåöèè÷åñêîå âëèÿíèå
ðàñòâîðèòåëÿ â ðÿäå ñèñòåì. Ñëåäóåò, îäíàêî, îòìåòèòü, ÷òî ìíîãèå èç ïðåäëî-
æåííûõ ïîäõîäîâ â ñâîåì òåîðåòè÷åñêîì îáîñíîâàíèè èñïîëüçóþò îïðåäåëåííûå
äîïóùåíèÿ, ðåçóëüòàòîì êîòîðûõ ñòàíîâÿòñÿ ñóùåñòâåííûå îãðàíè÷åíèÿ ïðèìå-
íåíèÿ ýòèõ ïîäõîäîâ, íàïðèìåð, íåâîçìîæíîñòü êîððåêòíîãî îïèñàíèÿ ñèñòåì â
ñðåäå ðàñòâîðèòåëåé, ñïîñîáíûõ ê îáðàçîâàíèþ âîäîðîäíûõ ñâÿçåé è äðóãèõ âèäîâ
íàïðàâëåííûõ âçàèìîäåéñòâèé. Ïðè÷èíà ýòîãî çàêëþ÷àåòñÿ â òîì, ÷òî äëÿ íèõ
çíà÷åíèÿ ïàðàìåòðîâ ïðåäñòàâëÿþò ñëîæíóþ âåëè÷èíó, îïðåäåëÿþùóþ ñóììàð-
íûé ýåêò ñðåäû. àíåå íàìè áûëè ïðîàíàëèçèðîâàíû ðàçðàáîòàííûå íà îñíîâå
ðàçëè÷íûõ ïîäõîäîâ è îïèñàííûå â ëèòåðàòóðå ïàðàìåòðû è ìîäåëè, âûÿâëåíû
èõ äîñòîèíñòâà è íåäîñòàòêè, à òàêæå ïðåäëîæåíà íîâàÿ àëüòåðíàòèâíàÿ ìîäåëü
àíàëèçà ñîëüâàòàöèîííûõ ýåêòîâ [2, 3℄. Íåñêîëüêî îòäåëüíî õî÷åòñÿ êîñíóòü-
ñÿ ìíîãîïàðàìåòðîâûõ êîððåëÿöèé. Íàèáîëåå ÷àñòî â ëèòåðàòóðå äëÿ îïèñàíèÿ
ñîëüâàòàöèîííûõ ýåêòîâ íà ñäâèãè ÷àñòîò âàëåíòíûõ êîëåáàíèé èñïîëüçóþòñÿ
ìíîãîïàðàìåòðîâûå ñîîòíîøåíèÿ Òàòà Êàìëåòà [1℄. Õàðàêòåðíîé îñîáåííîñòüþ
èõ ÿâëÿåòñÿ õîðîøàÿ ñïîñîáíîñòü êîëè÷åñòâåííîãî îïèñàíèÿ âëèÿíèÿ íåñïåöèè-
÷åñêèõ âçàèìîäåéñòâèé, íî ïðè ýòîì ïàðàìåòðû ïîëó÷åííûõ êîððåëÿöèîííûõ çà-
âèñèìîñòåé ÷àñòî òåðÿþò èçè÷åñêèé ñìûñë. Â öåëîì ó íàñ ïîÿâëÿåòñÿ äâà ïóòè
èññëåäîâàíèÿ ñîëüâàòàöèîííûõ ÿâëåíèé: ëèáî ïðîñòî êîëè÷åñòâåííî îïèñàòü ý-
åêò ñðåäû, íå ðàçáèðàÿñü, ÷åì îí îáóñëîâëåí, ëèáî âñå-òàêè ïðîàíàëèçèðîâàòü
åãî ñ òî÷êè çðåíèÿ ïðîÿâëåíèÿ ðàçëè÷íûõ òèïîâ ÌÌÂ è ïîïûòàòüñÿ îöåíèòü èõ â
îòäåëüíîñòè, ÷òî, â ñâîþ î÷åðåäü, ïîçâîëèò ñâÿçàòü ïîëó÷åííûå âåëè÷èíû ñî ñâîé-
ñòâàìè âçàèìîäåéñòâóþùèõ ìîëåêóë. Ïî-íàøåìó ìíåíèþ âòîðîé ïóòü ÿâëÿåòñÿ
áîëåå ïðàâèëüíûì. Â ïðåäëîæåííîé íàìè ìîäåëè ìû ïîïûòàëèñü åãî ðåàëèçîâàòü.
Â íàñòîÿùåé ðàáîòå ñ ïîìîùüþ ïðåäëîæåííîé ìîäåëè èçó÷èì âëèÿíèå ÂÂ-
âçàèìîäåéñòâèé íà ÷àñòîòû ïîãëîùåíèÿ âàëåíòíûõ êîëåáàíèé â ÈÊ-ñïåêòðàõ.
1. Ýêñïåðèìåíòàëüíàÿ ÷àñòü
àñòâîðèòåëè, èñïîëüçîâàâøèåñÿ ïðè ïðîâåäåíèè ýêñïåðèìåíòà, ïðåäñòàâëÿþò
ñîáîé ðåàêòèâû êâàëèèêàöèè ¾÷¿, ¾õ÷¿, ¾÷äà¿. Ïåðåä èññëåäîâàíèÿìè âåùåñòâà
ïîäâåðãàëèñü äîïîëíèòåëüíîé îñóøêå è î÷èñòêå ïî ñòàíäàðòíûì ìåòîäèêàì, ïî-
ñëå ÷åãî îïðåäåëÿëîñü îñòàòî÷íîå ñîäåðæàíèå âîäû â íèõ íà îñíîâå ñïåêòðàëüíûõ
èññëåäîâàíèé.
ÈÊ-ñïåêòðû ðåãèñòðèðîâàëèñü â ñïåêòðàëüíîì äèàïàçîíå 400÷ 4000 ñì −1 íà
Ôóðüå-ñïåêòðîìåòðå Bruker ¾Vetor-22¿. Èíòåðåððîãðàììû çàïèñûâàëèñü ñ ðàç-
ðåøåíèåì 1 ñì
−1
, ÷èñëî ñêàíîâ ñîñòàâèëî 64. Èñïîëüçîâàëèñü êþâåòû èç NaCl è
CaF2 . Òîëùèíà êþâåò ïîäáèðàëàñü òàêèì îáðàçîì, ÷òîáû îïòè÷åñêàÿ ïëîòíîñòü
èññëåäóåìûõ ïîëîñ ëåæàëà â ïðåäåëàõ 0.2 ÷ 1.0 . Ïåðåêðûâàþùèåñÿ ïîëîñû ðàñ-
êëàäûâàëè íà îäèíî÷íûå ñîñòàâëÿþùèå ñ èñïîëüçîâàíèåì ïàêåòà ïðîãðàìì Peak
Fit 4.1. Äëÿ îïðåäåëåíèÿ ÷àñòîò âàëåíòíûõ êîëåáàíèé ÎÍ-ãðóïï â òðîéíûõ êîì-
ïëåêñàõ (ROH)2 . . .B â ñðåäå èíåðòíûõ ðàñòâîðèòåëåé ñíà÷àëà ðåãèñòðèðîâàëèñü
ñïåêòðû ðàñòâîðîâ îñíîâàíèé (2 îá.%) â èíåðòíûõ ðàñòâîðèòåëÿõ, ïîñëå ÷åãî ê èñ-
ñëåäóåìûì ñèñòåìàì íà÷èíàëè äîáàâëÿòü ñïèðò. Êîíöåíòðàöèÿ ñïèðòà óâåëè÷èâà-
ëàñü, íà÷èíàÿ ñ 0.01 Ì (êîíöåíòðàöèÿ, ñîîòâåòñòâóþùàÿ ïðåèìóùåñòâåííîìó îáðà-
çîâàíèþ êîìïëåêñîâ ROH. . . B), äî ïîÿâëåíèÿ â ðàçíîñòíîì ñïåêòðå ïîëîñ òðîéíûõ
êîìïëåêñîâ (ROH)2 . . . B äîñòàòî÷íîé èíòåíñèâíîñòè äëÿ îïðåäåëåíèÿ çíà÷åíèé èõ
÷àñòîò.
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2. Îáñóæäåíèå ðåçóëüòàòîâ
Ïðè ïåðåíîñå ñâîáîäíûõ ìîëåêóë è êîìïëåêñîâ èç ãàçîâîé àçû â ðàñòâîð ïðî-
èñõîäèò ñìåùåíèå ïîëîñû ïîãëîùåíèÿ â îáëàñòü ìåíüøèõ çíà÷åíèé ÷àñòîò, ýòî
âûçâàíî ðàñòÿæåíèåì êîâàëåíòíîé ñâÿçè è îñëàáëåíèåì åå ñèëîâîé êîíñòàíòû çà
ñ÷åò ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé. Àíàëîãè÷íîå ñìåùåíèå ìû ìîæåì íàáëþ-
äàòü è ïðè ïåðåõîäå îò îäíîãî ðàñòâîðèòåëÿ ê äðóãîìó. Åñëè ñðåäà íåñïîñîáíà ê
äîíîðíî-àêöåïòîðíûì êîíòàêòàì, òî ýòîò ýåêò ñâÿçàí íåïîñðåäñòâåííî ñ âàí-
äåð-âààëüñîâûìè âçàèìîäåéñòâèÿìè. Äåòàëüíûé àíàëèç ñîëüâàòàöèîííûõ ýåê-
òîâ ïîêàçûâàåò, ÷òî âåëè÷èíà âêëàäà íåíàïðàâëåííûõ ìíîãî÷àñòè÷íûõ âçàèìîäåé-
ñòâèé (ÂÂ-âçàèìîäåéñòâèé) ìîæåò ïðåâûøàòü âêëàä îò îáðàçîâàíèÿ âîäîðîäíîé
ñâÿçè ñ ðàñòâîðèòåëåì â íàáëþäàåìûé ñäâèã ÷àñòîòû [4℄.
Íàìè ïðåäëîæåí ïàðàìåòð ðàñòâîðèòåëÿ SV W , êîòîðûé ïîçâîëÿåò ó÷åñòü è
îöåíèòü âëèÿíèÿ ìíîãî÷àñòè÷íûõ âàí-äåð-âààëüñîâûõ âçàèìîäåéñòâèé íà õàðàê-
òåðèñòèêè ÈÊ-ñïåêòðîâ ïîãëîùåíèÿ. Äàííûé ïàðàìåòð ïîëó÷åí íà îñíîâå ïðèíöè-
ïà Áåðòëî î âçàèìîäåéñòâèÿõ ìåæäó ÷àñòèöàìè è òåðìîõèìè÷åñêèõ èññëåäîâàíèé
ðàñòâîðåíèÿ ëèíåéíûõ àëêàíîâ â îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ. Çíà÷åíèÿ SV W ðàñ-
ñ÷èòûâàþòñÿ ïî îðìóëå
SV W =
√
δhS =
√
∆H
Y/S
p
V YX
, (1)
ãäå δhS  óäåëüíàÿ îòíîñèòåëüíàÿ ýíòàëüïèÿ îáðàçîâàíèÿ ïîëîñòè â ðàñòâîðè-
òåëå S ; ∆H
Y/S
p  ýíòàëüïèÿ ðàñòâîðåíèÿ ëèíåéíîãî àëêàíà â ðàñòâîðèòåëå S ;
V YX  õàðàêòåðèñòè÷åñêèé îáúåì ìîëåêóëû ëèíåéíîãî àëêàíà, ðàññ÷èòàííûé ïî
Ìàê-îâåíó. Â íàñòîÿùåå âðåìÿ îïðåäåëåíû âåëè÷èíû ïàðàìåòðà áîëåå ÷åì äëÿ
60 ðàñòâîðèòåëåé, ÷òî ïîçâîëÿåò èçó÷àòü âëèÿíèå ñîëüâàòàöèîííûõ ýåêòîâ äëÿ
øèðîêîãî êðóãà ñèñòåì.
Ïàðàìåòð SV W äàåò âîçìîæíîñòü îöåíèâàòü âêëàä âàí-äåð-âààëüñîâûõ âçàè-
ìîäåéñòâèé, ïîñêîëüêó ëèíåéíûå àëêàíû âñòóïàþò òîëüêî â íåñïåöèè÷åñêèå âçà-
èìîäåéñòâèÿ. Âåëè÷èíà SV W íå çàâèñèò îò ñòðóêòóðû è ðàçìåðà ðàñòâîðÿåìîãî
ñîåäèíåíèÿ è îòðàæàåò ñïîñîáíîñòü ðàñòâîðèòåëÿ ê âàí-äåð-âààëüñîâûì âçàèìî-
äåéñòâèÿì.
Ïðè îòñóòñòâèè ñïåöèè÷åñêèõ âçàèìîäåéñòâèé ðàñòâîðèòåëÿ ñ ðàñòâîðÿåìûì
âåùåñòâîì èëè êîìïëåêñîì, ýêñïåðèìåíòàëüíûé ñäâèã ÷àñòîòû âàëåíòíûõ êîëåáà-
íèé â ðàñòâîðå ëèíåéíî çàâèñèò îò ïàðàìåòðà SV W : (∆νýêñï. = a + bSV W ) [2, 3℄.
Â íàñòîÿùåé ðàáîòå ìû ïðèìåíèëè îðìóëó (1) äëÿ èçó÷åíèÿ ýåêòîâ ñðåäû
íà ÷àñòîòû ïîãëîùåíèÿ ñâîáîäíûõ ãðóïï, êîìïëåêñîâ ñîñòàâà 1 : 1 è ñëîæíûõ
êîìïëåêñîâ ñ êîîïåðàòèâíûìè âîäîðîäíûìè ñâÿçÿìè.
2.1. Âëèÿíèå âàí-äåð-âààëüñîâûõ âçàèìîäåéñòâèé íà ÷àñòîòû ïîãëî-
ùåíèÿ âàëåíòíûõ êîëåáàíèé ñâîáîäíûõ ãðóïï. Ìîëåêóëû ðàñòâîðÿåìîãî
âåùåñòâà â ðàñòâîðå ñîëüâàòèðóþòñÿ ìîëåêóëàìè èíåðòíîãî ðàñòâîðèòåëÿ, ÷òî
ïðèâîäèò ê èçìåíåíèþ èõ ñâîéñòâ. Íàìè îïðåäåëåíû ÷àñòîòû ïîãëîùåíèÿ Î-Í
ãðóïï ìåòàíîëà, áóòàíîëà-1 è åíîëà, à òàêæå Ñ=Î-ãðóïï àöåòîíà â ñåðèè ðàñ-
òâîðèòåëåé, èíåðòíûõ ïî îòíîøåíèþ ê èçó÷àåìûì ñîåäèíåíèÿì. Â ñëó÷àå ñïèðòîâ
íàáîð ðàñòâîðèòåëåé, ñïîñîáíûõ òîëüêî ê âàí-äåð-âààëüñîâûì âçàèìîäåéñòâèÿì,
çíà÷èòåëüíî ñóæàåòñÿ èç-çà áèóíêöèîíàëüíîñòè ÎÍ-ãðóïïû. Äëÿ êàðáîíèëüíîé
ãðóïïû òàêèõ ïðîáëåì íå íàáëþäàåòñÿ, ÷òî ïîçâîëèëî íàì ïîëó÷èòü ÷àñòîòû ñâî-
áîäíûõ Ñ=Î-ãðóïï àöåòîíà áîëåå ÷åì â 15 ðàñòâîðèòåëÿõ. Èç ïîëó÷åííûõ ÈÊ-
ñïåêòðîâ õîðîøî âèäíî, ÷òî ïîëîæåíèå ïîëîñ ïîãëîùåíèÿ ìåíÿåòñÿ ïðè ïåðåõîäå
îò îäíîãî ðàñòâîðèòåëÿ ê äðóãîìó.
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èñ. 1. Çàâèñèìîñòü ÷àñòîòû C=O-âàëåíòíûõ êîëåáàíèé àöåòîíà îò ïàðàìåòðà SV W
Òàáë. 1
Ïàðàìåòðû êîððåëÿöèé âèäà ν = aB ·SV W + bB äëÿ ÷àñòîò âàëåíò-
íûõ êîëåáàíèé ÎÍ- è Ñ=Î-ãðóïï (R  êîýèöèåíò êîððåëÿöèè,
S  ñòàíäàðòíîå îòêëîíåíèå)
Ñèñòåìà aB bB R S N
C=O-ãðóïïû àöåòîíà −3.6 1722 0,985 0,6 17
ÎÍ-ãðóïïû ìåòàíîëà −10.34 3654 0.992 3.1 5
ÎÍ-ãðóïïû áóòàíîëà-1 −10.5 3648 0,990 3.6 5
ÎÍ-ïðóïïû åíîëà −12.5 3623 0.991 4.1 5
Ïðè ñîïîñòàâëåíèè ïàðàìåòðà SV W ñ èçìåðåííûìè çíà÷åíèÿìè ÷àñòîò, áûëè
ïîëó÷åíû ëèíåéíûå êîððåëÿöèè âûñîêîãî êà÷åñòâà (íà ðèñ. 1 ïðèâåäåí ïðèìåð
êîððåëÿöèè äëÿ Ñ=Î-ãðóïïû àöåòîíà).
Ïàðàìåòðû ïîëó÷åííûõ ëèíåéíûõ çàâèñèìîñòåé ïðèâåäåíû â òàáë. 1. Âûñîêîå
çíà÷åíèå êîýèöèåíòîâ êîððåëÿöèé è íèçêèå âåëè÷èíû ñòàíäàðòíîãî îòêëîíå-
íèÿ ïîêàçûâàþò âîçìîæíîñòü êîëè÷åñòâåííîãî ó÷åòà ñîëüâàòàöèîííîãî ýåêòà
íà ÷àñòîòû ñâîáîäíûõ ÎÍ- è Ñ=Î-ãðóïï. Ïðè÷åì ýåêò ñðåäû â äàííîì ñëó÷àå
îáóñëîâëåí òîëüêî âàí-äåð-âààëüñîâûìè âçàèìîäåéñòâèÿìè.
Àíàëèçèðóÿ ïàðàìåòðû êîððåëÿöèé â òàáë. 1, ìîæíî ñêàçàòü, ÷òî ÷óâñòâèòåëü-
íîñòü ÷àñòîò ïîãëîùåíèÿ èññëåäóåìûõ âåùåñòâ ê ñðåäå óâåëè÷èâàåòñÿ îò êàðáî-
íèëüíîé ãðóïïû àöåòîíà ê ãèäðîêñèëüíûì ãðóïïàì ñïèðòîâ. Ïîäîáíûé ðåçóëüòàò
îáúÿñíÿåòñÿ áîëüøåé æåñòêîñòüþ êðàòíîé Ñ=Î-ñâÿçè ïî ñðàâíåíèþ ñî çíà÷èòåëü-
íî áîëåå ïîëÿðèçóåìîé ñâÿçüþ ÎÍ.
2.2. Âëèÿíèå âàí-äåð-âààëüñîâûõ âçàèìîäåéñòâèé íà ÷àñòîòû ïîãëî-
ùåíèÿ ÎÍ-ãðóïï êîìïëåêñîâ áóòàíîëà-1 ñ îñíîâàíèÿìè ñîñòàâà 1 : 1.
Äîëãîå âðåìÿ ñ÷èòàëîñü, ÷òî èçìåíåíèå ÷àñòîò ïîãëîùåíèÿ ìîëåêóë ïî ñðàâíåíèþ
ñ ãàçîâîé àçîé ñâÿçàíî ñ îáðàçîâàíèåì âîäîðîäíûõ ñâÿçåé èëè èçìåíåíèåì èõ
ïðî÷íîñòè, íî íèêàêèì îáðàçîì íå çàâèñèò îò èçè÷åñêèõ âçàèìîäåéñòâèé. Îäíàêî
äåòàëüíûé àíàëèç âëèÿíèÿ ñðåäû ïîêàçûâàåò, ÷òî ýåêò ñîëüâàòàöèè êîìïëåêñà
çà ñ÷åò ìíîãî÷àñòè÷íûõ íåíàïðàâëåííûõ âàí-äåð-âààëüñîâûõ âçàèìîäåéñòâèé íà
÷àñòîòû ïîãëîùåíèÿ ìîæåò äîñòèãàòü 200 ñì
−1
.
Â ðàáîòå îïðåäåëåíû ÷àñòîòû âàëåíòíûõ êîëåáàíèé ñâÿçàííûõ ÎÍ-ãðóïï
áóòàíîëà-1 â êîìïëåêñàõ ñ ðàçëè÷íûìè îñíîâàíèÿìè ñîñòàâà 1 : 1 (ROH. . . B)
â ñåðèè ðàñòâîðèòåëåé. Ñîëüâàòàöèÿ èññëåäóåìûõ êîìïëåêñîâ ïðèâîäèò ê ñóùå-
ñòâåííûì èçìåíåíèÿì ïîëîæåíèÿ ïîëîñ ïîãëîùåíèÿ. Ïîëó÷åííûå çíà÷åíèÿ ÷àñòîò
76 Ì.À. ÂÀÔÎËÎÌÅÅÂ È Ä.
Òàáë. 2
Ïàðàìåòðû êîððåëÿöèé âèäà ν
ROH...B
= aB · SV W + bB äëÿ ÷àñòîò
âàëåííûõ êîëåáàíèé ñâÿçàííûõ ÎÍ-ãðóïï êîìïëåêñîâ áóòàíîëà-1
ñ ïðîòîíîàêöåïòîðàìè (R  êîýèöèåíò êîððåëÿöèè, S  ñòàí-
äàðòíîå îòêëîíåíèå)
Ïðîòîíîàêöåïòîð aB bB R S
áóòàíîë-1 −18.9 3534 0.997 2.1
àöåòîíèòðèë −7.4 3564 0,996 1.0
àöåòîí −7.5 3535 0.995 1.2
ïèðèäèí −25.6 3393 0.987 6.2
3-ïèêîëèí −26.2 3382 0.991 5.3
òðèýòèëàìèí −21.3 3251 0.987 7.8
äèýòèëîâûé ýèð −13.6 3514 0.993 2.4
äèìåòèëñóëüîêñèä −15.5 3451 0.988 3.7
N,N-äèìåòèëîðìàìèä −13.4 3498 0.995 1.9
R
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èñ. 2. Ñòðîåíèå êîîïåðàòèâíûõ êîìïëåêñîâ ñïèðòîâ ñ ïðîòîíîàêöåïòîðàìè Â
ñâÿçàííûõ ÎÍ-ãðóïï ëèíåéíî óìåíüøàþòñÿ ñ ðîñòîì ïàðàìåòðà SV W , ÷òî ãîâî-
ðèò îá îñëàáëåíèè êîâàëåíòíîé ÎÍ-ñâÿçè çà ñ÷åò âàí-äåð-âààëüñîâîãî âçàèìîäåé-
ñòâèÿ ñî ñðåäîé. Òàêèì æå îáðàçîì èçìåíÿåòñÿ è èíòåíñèâíîñòü èññëåäóåìûõ ïîëîñ
ïîãëîùåíèÿ, ïîñêîëüêó, ÷åì ñèëüíåå íåñïåöèè÷åñêèå âçàèìîäåéñòâèÿ áóòàíîëà-1
ñ ðàñòâîðèòåëåì, òåì ìåíüøåå êîëè÷åñòâî êîìïëåêñîâ îáðàçóåòñÿ â ðàñòâîðå. Èñ-
õîäÿ èç ïîëó÷åííûõ äàííûõ (òàáë. 2) ìû ìîæåì ãîâîðèòü î òîì, ÷òî è â ñëó÷àå
êîìïëåêñîâ ñîñòàâà 1 : 1, ñîëüâàòàöèîííûå ýåêòû ìîãóò áûòü êîëè÷åñòâåííî
ó÷òåíû ïðè ïîìîùè ïàðàìåòðà SV W .
Ïî ïîëó÷åííûì ïàðàìåòðàì çàâèñèìîñòåé ìîæíî íàáëþäàòü ñèìáàòíîñòü èç-
ìåíåíèÿ ïðîòîíîàêöåïòîðíîé ñèëû îñíîâàíèÿ è ÷óâñòâèòåëüíîñòè ÎÍ-ãðóïïû
ê ÂÂ-âëèÿíèþ ðàñòâîðèòåëÿ. Òàêèì îáðàçîì, â ñëó÷àå áîëåå ñèëüíîé ïîëÿðèçà-
öèè ñâÿçè ÎÍ ïðè îáðàçîâàíèè âîäîðîäíûõ ñâÿçåé ìîëåêóë ñïèðòà ñ ñèëüíûìè
ïðîòîíîàêöåïîðàìè, íåñïåöèè÷åñêîå äåéñòâèå ðàñòâîðèòåëÿ íà âåëè÷èíû ÷àñòîò
âàëåíòíûõ êîëåáàíèé ðàññìàòðèâàåìûõ ãðóïï ïðîÿâëÿåòñÿ â áîëüøåé ñòåïåíè.
2.3. Âëèÿíèå âàí-äåð-âààëüñîâûõ âçàèìîäåéñòâèé íà ÷àñòîòû ïîãëî-
ùåíèÿ ñëîæíûõ êîìïëåêñîâ ñ êîîïåðàòèâíûìè âîäîðîäíûìè ñâÿçÿìè.
Â äàííîé ÷àñòè ìû îáñóäèì âëèÿíèå ñðåäû íà ÷àñòîòû Î-Í ãðóïï òðîéíûõ êîì-
ïëåêñîâ ROH. . . O(R)H. . . B. Â ýòèõ ñèñòåìàõ íàáëþäàåòñÿ ýåêò êîîïåðàòèâíî-
ñòè. Îí ïðîÿâëÿåòñÿ â âèäå óïðî÷íåíèÿ âîäîðîäíûõ ñâÿçåé çà ñ÷åò âçàèìíîãî âëè-
ÿíèÿ ìîëåêóë íà ñâîéñòâà äðóã äðóãà â ñëîæíîì îáðàçîâàíèè, ñóïðàìîëåêóëå èëè
êëàñòåðå [5℄. Â íàñòîÿùåå âðåìÿ ýåêòû âëèÿíèÿ ñâîéñòâ ñðåäû íà óñòîé÷èâîñòü
ñèñòåì ñ êîîïåðàòèâíûìè âîäîðîäíûìè ñâÿçÿìè ïðàêòè÷åñêè íå èçó÷åíû. Ìû ïî-
ïûòàëèñü èññëåäîâàòü âëèÿíèå ðàñòâîðèòåëÿ íà ïîëîñû ïîãëîùåíèÿ òðîéíûõ êîì-
ïëåêñîâ íåêîòîðûõ ñïèðòîâ ñ îñíîâàíèÿìè. Ñõåìà ñòðîåíèÿ èçó÷àåìûõ êîìïëåêñîâ
ïðèâåäåíà íà ðèñ. 2.
Â ñîîòâåòñòâèè ñ ìåòîäèêîé, îïèñàííîé â ýêñïåðèìåíòàëüíîé ÷àñòè, íàìè îïðå-
äåëåíû ÷àñòîòû ïîãëîùåíèÿ ñâÿçàííîé ñ îñíîâàíèåì ÎÍ-ãðóïïû â êîìïëåêñàõ
äèìåðîâ ýòàíîëà, áóòàíîëà-1, áóòàíîëà-2, 2-ìåòèëðîïàíîëà-1 ñ ïèðèäèíîì è 3-
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Òàáë. 3
Ïàðàìåòðû êîððåëÿöèé âèäà ν
(ROH)2...B = aB ·SV W +bB äëÿ ÷àñòîò
âàëåíòíûõ êîëåáàíèé νb êîîïåðàòèâíûõ êîìïëåêñîâ ñïèðòîâ ñ ïðî-
òîíîàêöåïòîðàìè (R  êîýèöèåíò êîððåëÿöèè, S  ñòàíäàðòíîå
îòêëîíåíèå))
ROH B a b R S
ýòàíîë ïèðèäèí −43.8 3312 0.992 8.3
ýòàíîë 3-ïèêîëèí −41.5 3284 0.987 10.8
áóòàíîë-1 ïèðèäèí −36.4 3299 0.993 6.7
áóòàíîë-1 3-ïèêîëèí −33.0 3277 0.990 7.2
áóòàíîë-2 ïèðèäèí −38.9 3308 0.989 8.8
áóòàíîë-2 3-ïèêîëèí −28.8 3262 0.985 7.7
2-ìåòèëïðîïàíîë-1 ïèðèäèí −40.69 3299 0.988 9.7
2-ìåòèëïðîïàíîë-1 3-ïèêîëèí −24.5 3236 0.989 5.6
ïèêîëèíîì. Âûáîð ïðîòîíîàêöåïòîðîâ îáóñëîâëåí íåîáõîäèìîñòüþ èçáåæàòü â ÈÊ-
ñïåêòðàõ ñóïåðïîçèöèè ïîëîñ, îòíîñÿùèõñÿ ê èññëåäóåìûì êîëåáàíèÿì è àññîöèà-
òàì èíîãî ñîñòàâà (íàïðèìåð, äèìåðàì ñïèðòà).
Àíàëèç èçìåðåííûõ çíà÷åíèé ÷àñòîò ïîêàçûâàåò áîëüøóþ ðîëü ýåêòà ñîëü-
âàòàöèè è äëÿ äàííûõ ñèñòåì. Äëÿ îöåíêè ýòîãî âëèÿíèÿ ìû ðåøèëè ïðèìåíèòü
ïàðàìåòð SV W . Â ðåçóëüòàòå ñîïîñòàâëåíèÿ ïîëó÷åíû ëèíåéíûå çàâèñèìîñòè ìåæ-
äó ÷àñòîòàìè ñâÿçàííûõ ñ îñíîâàíèåì ÎÍ-ãðóïï êîìïëåêñîâ ROH. . . O(R)H. . . B
è âåëè÷èíàìè SV W . Ïàðàìåòðû êîððåëÿöèé ïðèâåäåíû â òàáë. 3.
Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî ïàðàìåòð SV W óíèâåðñàëåí äëÿ îïèñà-
íèÿ âàí-äåð-âààëüñîâîãî âëèÿíèÿ ðàñòâîðèòåëÿ êàê íà çíà÷åíèÿ ÷àñòîò âàëåíòíûõ
êîëåáàíèé ñâîáîäíûõ ÎÍ- è Ñ=Î-ãðóïï, òàê è íà ïîëîæåíèå ñîîòâåòñòâóþùèõ ïî-
ëîñ â êîìïëåêñàõ ðàçëè÷íîãî ñîñòàâà. Ïðè÷åì ÷óâñòâèòåëüíîñòü ÷àñòîò âàëåíòíûõ
êîëåáàíèé èçó÷àåìûõ ãðóïï â çíà÷èòåëüíîé ñòåïåíè çàâèñèò îò æåñòêîñòè è ñòå-
ïåíè ïîëÿðèçóåìîñòè èçó÷àåìûõ ãðóïïèðîâîê. Òàê, ñðåäè ñèñòåì, èññëåäîâàííûõ
â äàííîé ðàáîòå, íàèáîëåå ñëàáàÿ çàâèñèìîñòü îò íåñïåöèè÷åñêîé ñîëüâàòàöèè
ðàñòâîðèòåëÿ áûëà îáíàðóæåíà äëÿ êðàòíîé Ñ=Î-ñâÿçè, íàèáîëåå ñèëüíàÿ  äëÿ
ÎÍ-ãðóïï êîìïëåêñîâ ñïèðòîâ ñ ïðîòîíîàêöåïòîðàìè, ãäå ïðîÿâëÿåòñÿ êîîïåðà-
òèâíîñòü âîäîðîäíûõ ñâÿçåé.
àáîòà âûïîëíåíà ïðè ïîääåðæêå ÔÔÈ (ïðîåêò  06-03-32734), ãðàíòà Ïðå-
çèäåíòà Ô (ïðîåêò  ÌÊ-1462.2008.3) è BRHE (ïðîåêò  Y5-C-07-12).
Summary
M.A. Varfolomeev, D.I. Abaidullina, K.V. Zaitseva, B.N. Solomonov. Studying of van der
Waals Inuene of Media on Absorption Strething Vibration Frequenies in IR-spetra.
The work regards the solvent eets on absorption strething vibration frequenies of free
moleules, omplexes 1 : 1 and more ompliated assoiated speies in solution. It was shown
that the solvent signiantly inuenes band position. A model based on thermohemial
solvent parameter SV W for solvent eet analysis was used.
Frequenies of free C=O groups of aetone and free OH groups of methanol, butanol-1 and
phenol in inert (not apable of strong spei interation) solvents were measured. Obtained
values linearly depend on parameter SV W . In these systems, solvent eet is indued by van der
Waarls interations between solute and solvent moleules. Sensitivity of strething vibration
frequenies of studied moleules to media inuene is inreased in series C=O (aetone) < OH
(methanol) ≈ OH (butanol-1) < OH (phenol). The reason of this growth is the large-sale
polarization ability of OH group.
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Also, the inuene of non-spei solvation on strething vibration frequenies of H-bonded
OH group of butanol-1 was studied. Frequenies of OH group of omplexes ROH. . . B of
butanol-1 with several bases B (aetone, aetonitrile, diethyl ether, dimethylsulphoxide, N,N-
dimethylformamide, 3-methylpyridine, pyridine) in series of solvents were measured. Linear
dependenies between obtained frequeny values and solvent parameter SV W were observed
(ν
ROH...B
= aB ·SV W +bB ). For some systems, values of van der Waals interation with solvent
are similar to frequeny shifts indued by hydrogen bond formation. The largest value of solvent
eet is observed for omplexes of butanol-1 with strong proton aeptors. From these results
we an onlude that there exists a proportionality between proton aeptor ability of bases
(B) and sensitivity to solvation eet.
Van der Waals interation inuene on frequenies of ompliated omplexes with
ooperative hydrogen bond was studied. In order to analyze solvent eets frequenies of H-
bonded OH groups (νb ) in ternary omplexes (ROH)2 . . . B of ethanol, butanol-1, butanol-2
and 2-methylpropanol-1 with pyridine and 3-methylpyridine were measured. The solvent shifts
of νb were found to orrelate with an empirial thermohemial parameter of the solvent, SV W .
In ase of ompliated omplexes, the ontribution of van der Waals interations with solvent
is also additive but it is larger than that for free moleules and binary omplexes ROH. . . B.
Key words: solvent eet, van de Waals interations, ooperativity, hydrogen bonding,
FTIR spetrosopy, thermohemial parameter SV W .
Ëèòåðàòóðà
1. àéõàðäò Ê. àñòâîðèòåëè è ýåêòû ñðåäû â îðãàíè÷åñêîé õèìèè.  Ì.: Ìèð,
1991.  765 .
2. Ñîëîìîíîâ Á.Í., Âàðîëîìååâ Ì.À., Êëèìîâèöêèé À.Å., Íîâèêîâ Â.Á. Îöåíêà âàí-
äåð-âààëüñîâîãî âçàèìîäåéñòâèÿ ìîëåêóë ðàñòâîðÿåìîãî âåùåñòâà è ðàñòâîðèòåëÿ ïî
ÈÊ-ñïåêòðàì // Æóðí. èç. õèìèè.  2005.  Ò. 79.  Ñ. 12741277.
3. Solomonov B.N., Varfolomeev M.A., Novikov V.B., Klimovitskii A.E. New
thermohemial parameter for desribing solvent eets on IR strething vibration
frequenies. Communiation 1. Assessment of Van der Waals interations // Spetrohim.
Ata.  2006.  V. À64, No 2.  P. 397404.
4. Luk W.A.P., Klein D. Are the solvent eets on H-bonds a ooperativity with van der
Waals interations // J. Mol. Strut.  1996.  V. 381, No 1.  P. 8394.
5. Steiner Th. The hydrogen bond in the solid state // Angew. Chem. Int. Ed.  2002. 
V. 41, No 1.  . 4876.
Ïîñòóïèëà â ðåäàêöèþ
26.02.08
Âàðîëîìååâ Ìèõàèë Àëåêñååâè÷  êàíäèäàò õèìè÷åñêèõ íàóê ñòàðøèé ïðåïî-
äàâàòåëü êàåäðû èçè÷åñêîé õèìèè Õèìè÷åñêîãî èíñòèòóòà èì. À.Ì. Áóòëåðîâà Êàçàí-
ñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.
E-mail: mikhail.varfolomeevksu.ru
Àáàéäóëëèíà Äèëÿðà Èëüäàðîâíà  àñïèðàíò êàåäðû èçè÷åñêîé õèìèè Õè-
ìè÷åñêîãî èíñòèòóòà èì. À.Ì. Áóòëåðîâà Êàçàíñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.
E-mail: a.dilyarainbox.ru
Çàéöåâà Êñåíèÿ Âàëåðüåâíà  ñòóäåíò êàåäðû èçè÷åñêîé õèìèè Õèìè÷åñêîãî
èíñòèòóòà èì. À.Ì. Áóòëåðîâà Êàçàíñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.
E-mail: zakv1yandex.ru
Ñîëîìîíîâ Áîðèñ Íèêîëàåâè÷  äîêòîð õèìè÷åñêèõ íàóê, ïðîåññîð çàâåäóþ-
ùèé êàåäðîé êàåäðà èçè÷åñêîé õèìèè Õèìè÷åñêîãî èíñòèòóòà èì. À.Ì. Áóòëåðîâà
Êàçàíñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.
E-mail: boris.solomonovksu.ru
